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FRQVXPSWLRQ LQEXLOGLQJVHFWRU/LWHUDWXUHVWLOO UHSRUWVD OLPLWHGDPRXQWRI UHVHDUFKRQUHF\FOLQJRI(36ZDVWH LQ
FHPHQWPRUWDUV
,Q SDUWLFXODU RQO\ IHZ DXWKRUV > @ FRPSDUHG WKH SURSHUWLHV RIPRUWDUVPDQXIDFWXUHGZLWK FRPPHUFLDO DQG
UHF\FOHG(36DW WKH VDPHYROXPHGRVDJH WKH ILUVWZLWK(36JUDLQ VL]H OHVV WKDQPPXS WR VDQGYROXPH
UHSODFHPHQWWKHVHFRQGZLWKPP(36JUDLQVL]HDQGVDQGYROXPHUHSODFHPHQW
7KHDLPRIWKLVVWXG\LVWRFRPSDUHWKHSURSHUWLHVRIOLJKWZHLJKWVWUXFWXUDOPRUWDUVȡ NJPDQGRc
ı03DOLJKWZHLJKWPRUWDUVZLWKPRGHUDWHVWUHQJWKȡ NJPDQGRc 03DDQGWKHUPR
LQVXODWLRQPRUWDUVȡ NJPDQGRc 03DPDQXIDFWXUHGZLWKYLUJLQRUUHF\FOHG(36DWWKHVDPH
YROXPHGRVDJH,QWKLVSDSHUWKH(36JUDLQDYHUDJHGLDPHWHULVDERXWPPIRUERWKUHSODFLQJDQG
RIVDQGYROXPH,QRUGHU WR LPSURYHWKHGXUDELOLW\ WKHHIIHFWRIDGGLQJDK\GURSKRELFDGPL[WXUHLQUHF\FOHG(36
PRUWDULVDOVRLQYHVWLJDWHG
([SHULPHQWDO
2.1. Materials 
/LJKWZHLJKWPRUWDUVZLWKZDWHUWRFHPHQWUDWLRZFHTXDOWRE\ZHLJKWDQGDJJUHJDWHWRFHPHQWUDWLRDF
HTXDO WR  E\ YROXPH DUH PDQXIDFWXUHG E\ XVLQJ 3RUWODQG FHPHQW W\SH &(0 ,,$/  5 $V FRPPRQ DQG
OLJKWZHLJKWDJJUHJDWHVDFDOFDUHRXVQDWXUDO VDQGZLWKPPPD[LPXPVL]HDQGYLUJLQ(36SHDUOVFRPPHUFLDOO\
DYDLODEOHZLWKVSHFLILFJUDYLW\RIJFPDUHXVHGUHVSHFWLYHO\5HF\FOHG(36JUDQXOHVZLWKWKHVSHFLILFJUDYLW\
RIJFPFRPLQJGLUHFWO\IURPDORFDOLQGXVWU\RIIRRGSDFNDJLQJWKDWJULQGVWKH(36ZDVWHLQWRJUDQXOHVEHIRUH
LWVGLVSRVDOLVXVHGDVDFRPSDULVRQ7KHYLVXDOREVHUYDWLRQDQGWKHJUDLQVL]HDQDO\VLVVKRZWKDWWKHYLUJLQ(36SHDUOV
DUHDOPRVWPRQRJUDQXODUZLWKPRUHWKDQRIJUDQXOHVVL]HEHWZHHQDQGPP5HF\FOHG(36JUDQXOHVKDYHD
URXJKHUDQGOHVVUHJXODUVXUIDFHZLWKDPRUHGLVWULEXWHGJUDLQVL]HEHWZHHQDQGPP)LJXUH
/LJKWZHLJKWPRUWDUVDUHPDQXIDFWXUHGE\UHSODFLQJWKHDQGRIVDQGYROXPHZLWKYLUJLQ9
99DQGUHF\FOHG(36555LQRUGHUWRREWDLQOLJKWZHLJKWVWUXFWXUDOPRUWDUVOLJKWZHLJKWPRUWDUV
ZLWKPRGHUDWHVWUHQJWKDQGWKHUPRLQVXODWLRQPRUWDUVUHVSHFWLYHO\7DEOH$Q$LU(QWUDLQLQJ$GPL[WXUHV$($
LVDGGHGLQPRUWDUVZLWKDQGRI(36DWWKHGRVDJHRIDQGE\FHPHQWZHLJKWUHVSHFWLYHO\WR
LQKLELWVHJUHJDWLRQ,QWKHFDVHRIPRUWDUVPDQXIDFWXUHGZLWKUHF\FOHG(36WKHDGGLWLRQRIDK\GURSKRELFDGPL[WXUH
+LQWKHIRUPRIDDTXHRXVHPXOVLRQRIEXW\OHWKR[\VLODQHDWWKHGRVDJHUDWHRIRIDFWLYHLQJUHGLHQWE\
FHPHQWZHLJKWLVFRQVLGHUHG+5+5+5
7DEOH0L[HVRIGLIIHUHQWPRUWDUVDQGIUHVKVWDWHSURSHUWLHVNJP
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6OXPS
PP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NJP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     
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     
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     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5       
5     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     
+5       
+5       
+5  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2.2. Tests 
7HVWVZHUHFDUULHGRXWDFFRUGLQJWRWKHVWDQGDUGV:RUNDELOLW\81,(1EXONGHQVLW\81,(1

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
)LJ3DUWLFOHVL]HGLVWULEXWLRQRIYLUJLQDQGUHF\FOHG(36FRPSDUHGZLWKVDQG,PDJHVRIUHF\FOHG5DQGYLUJLQ9(36PRUWDUVDUH
DOVRUHSRUWHG
&RPSUHVVLYHDQGIOH[XUDOVWUHQJWKDQGG\QDPLFPRGXOXVRIHODVWLFLW\(GZHUHHYDOXDWHGDFFRUGLQJWR81,(1
DQG81,(1UHVSHFWLYHO\&DSLOODU\ZDWHUDEVRUSWLRQ81,(1DQGZDWHU
YDSRXU SHUPHDELOLW\ 81, (1  PHDVXUHPHQWVZHUH SHUIRUPHG DFFRUGLQJ WR WKH FXUUHQW VWDQGDUGV
7KHUPDOFRQGXFWLYLW\ZDVHYDOXDWHGDFFRUGLQJWR81,(1
5HVXOWVDQGGLVFXVVLRQ
3.1. Workability and mortar density 
(YHQLIZRUNDELOLW\RIPRUWDUVGHFUHDVHVZLWKLQFUHDVLQJWKHGRVDJHRI(36GXHWRWKHORZHUGHQVLW\DOOPRUWDUV
DUHFODVVLILHGDVVWLIIPRUWDUVVOXPSYDOXHPP7DEOH5HSODFLQJURXQGYLUJLQ(36SHDUOVZLWKUHF\FOHG
(36JUDQXOHVGRHVQRW DIIHFW WKHZRUNDELOLW\RIPL[HV$W WKH VDPHYROXPHGRVDJH WKHGHQVLW\RI UHF\FOHG(36
PRUWDUVLVDOZD\VKLJKHUWKDQWKDWRIYLUJLQRQHVWKHEHWWHUJUDLQVL]HGLVWULEXWLRQDQGURXJKHUVXUIDFHRIUHF\FOHG
(36ZLWKUHVSHFWWRWKHFRPPHUFLDORQHKHOSWRPDQXIDFWXUHDPRUHUHVLVWDQWDQGFRPSDFWPRUWDUZLWKOHVVPDFUR
SRURVLWLHVHVSHFLDOO\ZKHQKLJKHUGRVDJHVRI(36DUHDGGHG0RUHRYHULQVWUXFWXUDOPRUWDUV+5WKHK\GURSKRELF
DGPL[WXUHVOLJKWO\GHFUHDVHVWKHGHQVLW\VLQFHLWLQFUHDVHVWKHFDSLOODU\SRURVLW\RIWKHFHPHQWSDVWH>@:KHQKLJKHU
GRVDJHVRI(36DUHDGGHG+5+5WKLVWUHQGLVQRWHYLGHQWEHFDXVHWKHUHLVOHVVFHPHQWSDVWH0RUHRYHULQ
WKHVHFDVHVWKHHIIHFWRIVLODQHDGGLWLRQRQLQFUHDVLQJFDSLOODU\SRURVLW\RIFHPHQWSDVWHLVSDUWLDOO\FRPSHQVDWHGE\
WKH SRVLWLYH HIIHFW RQ PDFURSRURVLW\ GXH WR D FHUWDLQ SODVWLFL]LQJ HIIHFW RI VLODQH ZKLFK LPSURYHV WKH ORZ
FRPSDFWLELOLW\RIWKHIUHVKPDWHULDO7DEOH>@
3.2. Mechanical strength  
$VH[SHFWHGWKHVXEVWLWXWLRQRIFDOFDUHRXVVDQGZLWK(36OHDGVWRDGHFUHDVHLQPHFKDQLFDOSURSHUWLHV)LJXUH
GXHWRWKH]HUR(36VWUHQJWKDQGWKHORZDGKHVLYHVWUHQJWKEHWZHHQWKHFHPHQWSDVWHDQGVPRRWKVXUIDFHRI(36>@
+RZHYHUDWWKHVDPHVDQGUHSODFHPHQWZLWK(36RcRIPRUWDUVSUHSDUHGZLWKUHF\FOHG(36LVLQFUHDVHGXSWRIRXU
WLPHVVDQGYROXPHUHSODFHPHQWZLWKUHVSHFWWRWKHYDOXHPHDVXUHGLQPRUWDUVSUHSDUHGZLWKYLUJLQRQHGXH
WR WKH VDPH UHDVRQVDOUHDG\GLVFXVVHG LQ VHFWLRQ7KHDGGLWLRQRI WKHK\GURSKRELFDGPL[WXUH LPSOLHV D VOLJKW
UHGXFWLRQ LQ FRPSUHVVLYH VWUHQJWK LQ OLJKWZHLJKW VWUXFWXUDO PRUWDUV DQG LQ OLJKWZHLJKW PRUWDUV ZLWK D PRGHUDWH
VWUHQJWKDVDOUHDG\REVHUYHGLQWUDGLWLRQDOFRQFUHWHV>@,WLVQRWHYLGHQWLQWKHUPDOLQVXODWLRQPRUWDUVVLQFHDJDLQWKH
HIIHFWRIVLODQHDGGLWLRQRQLQFUHDVLQJFDSLOODU\SRURVLW\RIFHPHQWSDVWHLVSDUWLDOO\FRPSHQVDWHGE\WKHGHFUHDVHRI
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PDFURSRURVLW\GXHWRWKHSODVWLFL]LQJHIIHFW7KHHDUOLHUVWUHQJWKJDLQLQJLQFUHDVHVZLWKWKH(36GRVDJHFRQILUPLQJ
WKH UHVXOWVREWDLQHGE\.DQDQG'HPLUERJD >@ LQPRGLILHG(36ZDVWH7KLV LVQRW WUXH LQ WKHSUHVHQFHRI VLODQH
DGPL[WXUHWKDWGHOD\VWKHPHFKDQLFDOVWUHQJWKGHYHORSPHQW


)LJD&RPSUHVVLYHVWUHQJWKGHYHORSPHQWZLWKWLPHDQGEYDULDWLRQRIFRPSUHVVLYHVWUHQJWKZLWK(36PRUWDUGHQVLW\
2QO\ DW YHU\ HDUO\ DJH RI FXULQJ GG WKH XVH RI UHF\FOHG (36 LQVWHDG RI YLUJLQ RQH LQFUHDVHV VOLJKWO\ WKH
FRPSUHVVLYHVWUHQJWKGHYHORSPHQW(YHQZLWKWKHXVHRIUHF\FOHG(36WKHHQKDQFHPHQWRIWKHFRPSUHVVLYHVWUHQJWK
DWGD\VZLWKGHQVLW\)LJXUHEDQGRIIOH[XUDOZLWKFRPSUHVVLYHVWUHQJWK)LJXUHDIROORZVLPLODUH[SRQHQWLDO
UHODWLRQVKLSV IRXQG LQ(36EHDGVFRQFUHWHVFRQWDLQLQJIO\DVK >@7KH UHODWLRQEHWZHHQ WKHF\OLQGHUFRPSUHVVLYH
VWUHQJWKDQG8399VXJJHVWHGE\6UL5DYLQGUDUDMDKDQG7XFN>@HYHQLIGHYHORSHGIRU(36FRQFUHWHVPDGHZLWK
%67FRDWHGDJJUHJDWHVZHOOHVWLPDWHVWKHSXOVHYHORFLW\YDOXHVIRUDJLYHQVWUHQJWKIRUWKH(36PRUWDUVWHVWHGLQWKLV
VWXG\7KHHIIHFWRIK\GURSKRELFDGPL[WXUHDQGUHF\FOHG(36LQVWHDGRIWKHYLUJLQRQHRQWKHG\QDPLFHODVWLFPRGXOXV
IROORZVWKHVDPHWUHQGDOUHDG\GLVFXVVHGIRUFRPSUHVVLYHVWUHQJWK)LJXUH
3.3. Capillary water absorption and water vapour permeability 
7KHVWXG\RIZDWHUDEVRUSWLRQLVIXQGDPHQWDOWRVWDQGWKHGXUDELOLW\RIDFRQVWUXFWLRQPDWHULDO0RUHRYHUDEVRUEHG
ZDWHUGHFUHDVHVWKHLQVXODWLRQSURSHUWLHVRIPDWHULDOV7KHFDSLOODU\ZDWHUDEVRUSWLRQFRHIILFLHQWCAGHFUHDVHVZLWK
LQFUHDVLQJWKHGRVDJHRI(36GXHWRWKHK\GURSKRELFQDWXUHRI(36)LJXUH$WRI(36CALVORZHULQUHF\FOHG
WKDQLQYLUJLQ(36PRUWDUGXHWRWKHLUUHJXODUVKDSHRIWKHUHF\FOHG(36WKDWDVDQRWDEVRUEHQWPDWHULDOLQFUHDVHV
WKHWRUWXRVLW\RIWKHZDWHUSDWK>@$WDKLJKHUOHYHORI(36WKHWUHQGLVWKHRSSRVLWHEHFDXVHLQYLUJLQ(36
PRUWDUVWKHUHDUHPRUHPDFURSRURVLWLHVWKDQLQUHF\FOHGRQHVGXHWRWKHUHJXODUVSKHULFDOVKDSHRIJUDLQV7KHUHLVQR
FHPHQWSDVWHLQWKHSRUHVZKHUHZDWHUPRYHVE\FDSLOODULW\VRWKHFRQWLQXLW\RIWKHFDSLOODULW\QHWZRUNLVLQWHUUXSWHG
7KHK\GURSKRELFDGPL[WXUHUHGXFHVCARIDWOHDVWIRUDOO(36GRVDJHVLPSURYLQJWKHGXUDELOLW\RIPRUWDUV
5HGXFHGZDWHUYDSRXUSHUPHDELOLW\ LVDQHJDWLYHIDFWRU LQPRUWDUV7KHDGGLWLRQRI(36DVDJJUHJDWHGRHVQRW
VLJQLILFDQWO\DIIHFWWKHZDWHUYDSRXUSHUPHDELOLW\7KHUHLVQRVLJQLILFDQWYDULDWLRQLQWKHZDWHUYDSRXUUHVLVWDQFHP
E\UHSODFLQJYLUJLQZLWKUHF\FOHG(36)LJXUH$JDLQRQO\LQ9PRUWDUWKHUHLVDGHFUHDVHLQPGXHWRWKHKLJK
SUHVHQFHRIPDFURSRURVLWLHV6LODQHDGPL[WXUHLQFUHDVLQJWKHPLFURSRURVLW\RIFHPHQWSDVWHVOLJKWO\GHFUHDVHVP
3.4. Thermal conductivity  
:KHQWKHSHUFHQWDJHRI(36LQFUHDVHVWKHWKHUPDOFRQGXFWLYLW\RIPRUWDUVGHFUHDVHVDVH[SHFWHGZLWKDQH[SRQHQWLDO
WUHQGFRUUHODWLRQEHWZHHQGHQVLW\DQGWKHUPDOFRQGXFWLYLW\O)LJXUH$WWKHVDPHGRVDJHRI(36WKHWKHUPDO
LQVXODWLRQSHUIRUPDQFHGHFUHDVHVZKHQUHF\FOHG(36LVXVHG
7KHDGGLWLRQRIWKHK\GURSKRELFDGPL[WXUHSDUWLDOO\UHFRYHUVWKLVSHQDOL]DWLRQGXHWRWKHLQFUHDVHRIFHPHQWSDVWH
SRURVLW\,QDOOFDVHVDJRRGOLQHDUFRUUHODWLRQLVIRXQGEHWZHHQODQGSHUFHQWDJHRI(36)LJXUHXVHIXOWRNQRZ
WKHSHUFHQWDJHRIYLUJLQRUUHF\FOHG(36WREHDGGHGLQPRUWDUVWRREWDLQDFHUWDLQ OYDOXH
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
)LJD9DULDWLRQRIIOH[XUDOVWUHQJWKZLWKFRPSUHVVLYHVWUHQJWKEYDULDWLRQRIF\OLQGHUFRPSUHVVLYHVWUHQJWKZLWKXOWUDVRQLFSXOVHYHORFLW\RI
H[SHULPHQWDOGDWDGDUNFLUFOHVDQGOLWHUDWXUHGDWDUHSUHVHQWLQJWKHUHODWLRQEHWZHHQWKHF\OLQGHUFRPSUHVVLYHVWUHQJWKDQG8399VXJJHVWHG
E\6UL5DYLQGUDUDMDKDQG7XFNHPSW\FLUFOHV>@DQGFG\QDPLFHODVWLFPRGXOXV
)RUH[DPSOHWRPDQXIDFWXUHDPRUWDUZLWKDWKHUPDOFRQGXFWLYLW\YDOXHRI:P.DQGRIYLUJLQRU
UHF\FOHG(36DVVDQGYROXPHUHSODFHPHQWVKRXOGEHDGGHGUHVSHFWLYHO\DFFRUGLQJWRWKHVKRZQWUHQGOLQH.QRZLQJ
WKDWFRVWRIUHF\FOHG(36LVDERXW¼PZKLOHWKDWRIYLUJLQ(36LV¼PZLWKUHF\FOHG(36LQVWHDGRIYLUJLQRQH
DQHFRQRPLFDOVDYLQJRYHUWKDQFDQEHUHDFKHG


D      E
)LJD&DSLOODU\ZDWHUDEVRUSWLRQFRHIILFLHQW&$DQGEZDWHUYDSRXUUHVLVWDQFHμ
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